Aim: To correlate the tray technique for isolation and counting of Streptococcus mutans over dental restoration with the toothpick technique. Methods: Forty 18-50-year-old patients of both genders with high cariogenic risk were selected. Inclusion criteria were: occlusal restoration evaluated as alpha, according to the Ryge's criteria (examiner´ Cohen-Kappa 0.8) and 2 years old maximum age. Each patient provided a saliva sample (control group S) and two samples of dental biofilm from amalgam or resin-based composite restorations in the same patient, one obtained with the toothpick technique (group TT), and the other from homologous tooth restoration with the tray technique (group TR). This method involves only a direct impression on the occlusal surfaces by a section of a fluoride tray with trypticase yeast extract cysteine sucrose with bacitracin (TYCSB) agar previously prepared and solidified. The samples were incubated at 37 ºC for 48 h and the colony-forming units (CFU) were counted. The results were statistically analyzed with SPSS software using the linear regression method at 95% confidence level. Results: TR was able to isolate S. mutans, and there was a significant positive correlation (r=0.95) with TT. There was no significant correlation between TR and control group S (r=0.47). Conclusions: TR was able to isolate and count S. mutans from the dental biofilm of dental restorations with a significant correlation with the TT group.
Introduction
Caries is one of the most common diseases in the whole world and although the industrialized countries have lowered their rates, it cannot be completely eradicated; therefore a treatment is required, consuming large human and economic resources 1, 2 . Among the factors in the complex process of caries disease are the bacteria, which are immersed in cariogenic biofilm in balance with the oral environment [3] [4] [5] . This balance can be altered by microbial carbohydrate intake, increasing the population of acidogenic bacteria responsible for demineralization and destruction of hard tooth tissue, thereby causing the caries lesion 6 . Such ecological disruptions of the microbial community are prone to occur because of microbial acid-induced adaptation and selection processes 5 .
In this cariogenic biofilm are found mutans streptococci, that are the main etiologic agents of dental caries in humans 7, 8 and are classified into seven species. Out of these, Streptococcus mutans (S. mutans), is the most frequently isolated pathogen from biofilm 9 . The levels of S. mutans in dental plaque samples have been shown to be associated with the development of caries and their detection has been employed to predict caries risk, to monitor caries activity 10 and also play an important role in the secondary caries 11 , because dental caries is a localized disease of the teeth 12 .
In order to facilitate the isolation of this microorganism selective Gold culture media have been used 13 , and different methods have been proposed in an attempt to simplify S. mutans culture in laboratory for its detection and quantification 14 . The S. mutans samples are processed and inoculated in selective culture media, such as mitis salivarius agar with bacitracin (MSB) and trypticase yeast extract cysteine sucrose with bacitracin (TYCSB) 15 . Several sampling methods for S. mutans have been proposed, such as counting S. mutans in saliva or taking direct samples of biofilm from teeth or restorations. In the case of counting S. mutans from saliva, it can be done stimulating or not the saliva 16 . This method is easy and inexpensive, but it presents some limitations, e. g. a person with low counts of S. mutans in saliva could have high concentrations of S. mutans on a restoration 17 . Therefore, it has been suggested that the direct identification of the S. mutans colonies on the restoration margins allow a better assessment of the presence of the bacteria and a more accurate estimation of the failure risk of dental restorations 16 . For this reason, a few years ago, Wallman and Krasse 18 proposed a more precise method for counting S. mutans on restorations. They suggested that plaque samples should be collected from restorations using the tip of a sterile wooden instrument (a toothpick). It is a simple method of collection to perform in the dental office. However, the authors pointed to a great disadvantage: this technique often results in underestimating the presence of microorganisms, which may not be accessed by the toothpick, due to its shape and size.
The toothpick technique was one of the most used methods. The present paper describes a new method that allows the identification and quantification of S. mutans directly from restored teeth with a tray technique by a previously solidified selective medium.
The objective of this study was to evaluate the recovery of the tray technique (TR) for the isolation and counting of S. mutans populations on occlusal surfaces of restored teeth and correlate it with the toothpick method. The hypothesis tested is that the TR is able to the recover S. mutans from occlusal surfaces of restorations and has correlation with the toothpick method.
Material and methods

Experimental design
This experimental, randomized and blind study was part of project PRI-ODO 11-02 and was approved by the Ethics • Patients with a physical disability that precludes them being responsible for their own hygiene
Sampling and isolation of S. mutans
Selected patients were instructed on Bass technique, and their performance was evaluated one week later, prior to sample taking, using the plaque index (modified by Loe).
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13:00 am. On one side of the mouth, a sample of plaque was taken from the restoration using the tray technique (TR), while on the opposite side the sample was obtained using the toothpick technique (TT). While biofilm samples from restorations were obtained by the TR and TT methods from each patient, non-stimulated whole saliva samples were collected into sterile glass beaker for 5 min . The biofilm collected with TT was removed from the surfaces with the tip of a sterile, triangular, wooden toothpick. Patient was asked to rinse the mouth with water, and the teeth were isolated using cotton rolls and gently air dried for 5 s to avoid contamination with saliva. The TT samples were transferred to 500 µL of RTF (reduced transport fluid) and stored at 4 °C until laboratory processing.
All samples were transported to the laboratory and manipulated on the same day. Saliva was homogenized in a Vortex homogenizer (Maxi Mix II type 37600, Mixer Barnstead Thermolyne, Dubuque, IA, USA). In addition to the trays used for sample collection, trays loaded with TYCSB were incubated at 37 °C (ZDP-A2080; LabTech Co., Namyangju-city, Korea) for 24 h as a quality control.
All of these processes were performed at Oral Microbiology Laboratory, Department Medicine of Oral Pathology, Dental School, Universidad de Chile.
Bacteriological Procedures
The plaque samples obtained by the toothpick technique were homogenized in a Vortex mixer (Maxi Mix II type 37600 Mixer, Barnstead Thermolyne) for 45 s. Then, 100 µL of the homogenate of plaque samples was added to a tube with 900 µL of phosphate (pH 7.2) and shaken for 15 s in a Vortex. A 100 µL aliquot was obtained after the first dilution and added to a second tube with 900 µL of phosphate buffer. Thus, dental plaque dilutions of 1:10 and 1:100 were obtained.
The same procedure was performed with the saliva samples to obtain dilutions of 1:1000 and 1:10 000. 100 µL of each of the diluted plaque and saliva samples was plated in TYCSB agar plates using a micropipette. The entire plating process was performed under sterile conditions in a hood or type II biosafety cabinet. The plates were placed in a candle jar system and incubated at 37 ºC for 48 h.
Isolation and identification of S. mutans
From the different samples (TR, TT and saliva), S. mutans colonies were identified based on colony morphology (macroscopic) and adherence to the agar colonies observed under a stereomicroscope (Stemi 2000; Carl Zeiss Microscopy, Thornwood, NY, USA) with a light source (Schott KL 1500, Carl Zeiss Microscopy).
The S. mutans count was expressed as colony forming units (CFU) of S. mutans from the plates and trays with TYCSB agar. Then, the selected colonies that were compatible with S. mutans adhesion and morphology characteristics were suspended in Todd-Hetwitt broth (Difco Laboratories Inc.) and incubated at 37 ºC for 48 h. The colonies were then subjected to biochemical tests to identify the species of Mutans streptococci and distinguish S. mutans from Streptococcus sobrinus.
Biochemical tests were performed, including raffinose fermentation, melibiose and esculin hydrolysis. When all three are positive they indicate presence of S. mutans Recovering Streptococcus mutans over restorations by the tray technique -a randomized clinical study (thioglycolate without dextrose and no indicator, 1% of raffinose. Difco Laboratories) and melibiose (thioglycolate without dextrose and no indicator, 1% of melibiose. Difco, Laboratories) and incubated for 24 h at 37 ºC. Subsequently, two drops of ferric ammonium citrate were added to melibiose and raffinose broths, respectively.
The hydrolysis of esculin is considered positive if the broth quickly exhibits black color, and the fermentation of raffinose and melibiose was identified by yellow color, which indicated a positive test. Both situations confirm the diagnosis of S. mutans.
Counting of S. mutans CFU from the samples was performed by a single calibrated examiner (Cohen-Kappa > 0.8).
Statistical analysis
A single blind statistician analyzed the results using the Statistical Package for Social Sciences (SPSS) software for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA).
Analyses were used to verify the normality of the data distribution and the homogeneity of variance with simple linear regression correlation. The significance level was set at 5%
Results
Identification and isolation of S. mutans
Based on the bacterial culture and isolation from dental plaque samples by the TR, TT and S methods in TYCSB agar, isolated colonies were obtained with macroscopic properties and adhesion characteristics that were indicative of S. mutans. (Figs. 1 and 2) The smears of the colonies showed Gram staining of selected cocci forms: they were Gram positive and arranged in chains, which is typical of S. mutans bacteria.
Tests for esculin hydrolysis and fermentation of raffinose and melibiose were positive for all isolates; therefore, the presence of S. sobrinus was not detected. 
Quantification of S. mutans
TR and TT Correlation
A simple linear regression was calculated to determine the correlation between the S. mutans counts obtained by TR and TT. The obtained result was r=0.95 (Fig. 3) . A positive value of r greater than or equal to 0.65 was considered a significant correlation.
The correlation between the counts of S. mutans from the plaque samples of the restorations obtained by TR and S was positive but not significant (r=0.47) (Fig. 4) . 
Discussion
This study demonstrated a significant correlation between TR and TT methods of collecting plaque samples of S. mutans in occlusal restorations in a selective medium for S. mutans (TYBSC). Additionally, a positive but nonsignificant correlation was observed between the results of TR and saliva, and similar results were observed when correlating the results of TT and saliva. This result may be explained mainly by the difficulty of removing the biofilm from different areas of the teeth by chewing on paraffin wax 17 . In this research the patients were standardized by sampling on restorations with Alpha rating, mainly to homogenize the samples. However it would be interesting to investigate what happens with patients who have Bravo rating restorations, because they have a greater biofilm accumulation, therefore a higher caries risk.
It is known that S. mutans levels can vary among restorations, even in the same subject 11 . For this reason, Wallman and Krasse proposed the toothpick method that collects S. mutans from the restoration's margins 18 . This method has been used extensively and it is considered to be the simplest available method. It is a non-invasive test for monitoring S. mutans in dental restorations. Nevertheless, it has been reported that TT could not collect the complete range of the oral microbiota on restorations 25 . The TR is able to recover the bacteria deposited in all the surface occlusal restorations. In addition, TR is the most suitable Recovering Streptococcus mutans over restorations by the tray technique -a randomized clinical study technique for the monitoring of S. mutans in dental restorations due to the several advantages of this method relative to TT. For example TR involves a simpler method of microbiological processing due to the elimination of dilution and seeding steps, so it requires fewer logistical resources.
The TR technique involves taking a direct impression of the restoration, and it was very well tolerated by the patients. The possibility of gag reflex was avoided because there was little contact with culture medium and no patient complained of bad taste. Furthermore, it is a non-invasive technique for detecting microorganisms on surfaces, which could be used for monitoring early caries lesions 9, 26 and assessing local risk factors for the development of caries lesions.
In the present study, only TYCSB agar was used due to its high specificity for S. mutans, but it is recommended to use other culture media, such as SB or SB-20M to determine more specifically strains of S. sobrinus 27 with the S. mutans, because they are an important factor in the development of dental caries 5, 28, 29 . This technique may be used for clinical research with new antibacterial materials in a very simple way. Current studies on antibacterial materials are focused on S. mutans, but it is necessary to investigate other bacteria that are involved in the caries process. The technique is limited to free dental surfaces and is not indicated for proximal surfaces due to the low resistance of the culture medium to tearing and its deformation, which impedes the access to the other area of interest.
The following conclusions can be drawn based on the obtained results: 1. The tray technique may recover and count S. mutans on occlusal surfaces of dental restorations, having a positive correlation with TT; 2. The tray technique may be considered as less time consuming and simpler than the toothpick technique for being a direct and non-invasive method of detecting S. mutans.
